Urinary free Il-hydroxycorticosteroid/creatinine ratios (UFCfCr) were determined in early morning urine samples from 138 obese subjects attending endocrine clinics in the Glasgow area. The majority of patients (128) had UFC/Cr ratios within the normal range for non-obese subjects (5-55 p.moI/mol). Of those with elevated UFCfCr ratios, further investigations of the
hypothalamic-pituitary-adrenal axis confirmed a diagnosis of Cushing's syndrome due to bilateral adrenal hyperplasia in six of the cases and adrenal tumours in a further two patients. In the remaining two patients there was evidence of intermittent adrenal hyperactivity with inconsistent responses to insulin-induced hypoglycaemia tests.
Cushing's syndrome is the result of a sustained and markedly increased concentration of free (nonprotein-bound) cortisol in the peripheral circulation. During passage through the kidney, some of the free cortisol, together with free metabolites of cortisol such as 6,B-hydroxycortisol and tetrahydrocortisol, passes into the urine in an unchanged form (Smith and Hall, 1976) and can be detected fluorimetrically as urinary free l l-hydroxycorticosteroids (Mattingly et al., 1964) . More specific methods for the determination of cortisol in urine by competitive protein-binding have been used (Murphy, 1967) . However, they are technically more difficult and offer little advantage over the fluorimetric method in so far as detection of Cushing's syndrome is concerned. Most methods for determination of cortisol excretion have been based on the collection of 24-hour urine samples. Walker (1977) has shown that 24-hour urine collections are unnecessary and has suggested that the measurement of corticosteroid output during the night (ie, collection of the first urine passed after wakening) might have some diagnostic advantage. In normal subjects, cortisol production is minimal at night, whereas patients with Cushing's syndrome, in whom the normal diurnal variation is often lacking, have continuously high cortisol production (Kobberling and von zur Muhlen, 1974). The present study reports on the effectiveness of the urinary free II-hydroxycorticosteroid/creatinine ratio (UFC/Cr) as a screening test for differential diagnosis of Cushing's syndrome and simple obesity.
Material and methods
The material and analytical methods were those previously described (Walker, 1977) . One hundred and thirty-eight obese patients (41 male and 97 female: age range 9-78 years), who presented at endocrine clinics in the Glasgow area over a 10month period, were asked to collect early morning urine samples on the morning of their next visit to the clinic (c 100 ml). Samples were frozen at -20 DC until analysed to minimise non-specific interference with fluorimetry.
Results
Almost 93 % of the obese patients studied had U FC/Cr ratios within the normal range for nonobese subjects (5-55 /Lmol/mol), and their results are shown in relation to age in Figure I . The results of the remaining 10 patients are shown in Table 1 . All were women, and the diagnosis, which was reached after further investigation of the hypothalamic-pituitary-adrenal axis (and, in some cases, surgical removal of hyperplastic adrenal glands or adrenal carcinoma), is also shown. The mean response to dexamethasone in five of the 86 120 Fig. 2 Response to dexamethasone in normal and hyperadrenocortical subjects. shown in contrast to that of 12 normal subjects (Fig. 2) . In the two remaining patients (AMcG and MH) the diagnosis was less certain, in spite of strong clinical evidence of Cushing's syndrome. In both cases, tests of hypothalamic-pituitary-adrenal function produced conflicting results. Both patients showed a normal rise in cortisol after insulin hypoglycaemia on one occasion and no response during a subsequent test. The UFCjCr ratio was within the normal range on certain days but elevated on others. Both patients exhibited good suppression of the UFCjCr ratio after oral dexamethasone in spite of elevated basal levels ( Table 2) . One of the patients (AMcG) consented to collect early morning urine samples for 28 days (between two consecutive menstrual bleeds) in order to study day-to-day corticosteroid excretion (Fig. 3) . The results from a normal subject (AK) during a single menstrual cycle are shown for comparison. As may be seen, the UFCfCr ratio is elevated above the normal range Dexamethasone dosage~-
2 mg every 6 h on 10 out of 28 days, with a high level of activity between days 21 and 28.
Discussion
As might have been expected, the majority of obese patients studied had normal adrenal function and were therefore obese for some other reason. However, the single UFCjCr ratio measurement does not exclude the possibility of intermittent adrenocortical over-activity in these patients. Intermittent Cushing's syndrome is not a new observation ; Brooks et al. (1966) described intermittent adrenocortical hyperactivity in a man aged 46 who had had symptoms for the previous 25 years. The rarity of intermittent Cushing's syndrome may be related to the fact that most adrenal function tests do not attempt to study daily fluctuation in adrenocortical function over long periods, and so many patients with intermittent adrenocortical hyperactivity may be missed.
Recent studies of UFCjCr ratios in normal women show that a cyclic pattern of corticosteroid excretion may exist. However, none of the women exhibited UFCjCr ratios above the normal range at any time throughout the menstrual cycle (Walker and McGilp, 1978) . In cases of frank Cushing's syndrome, the UFCjCr ratio gives a clear distinction between the normal and pathological group, UFCjCr ratios of over ]00 p.mol/mol being diagnostic for Cushing's syndrome. Measurement of the UFCjCr ratio in early morning urine samples before and after the administration of dexamethasone may be of value in determining the aetiology of Cushing's syndrome. Neoplastic disease is associated with autonomous cortisol secretion and therefore not subject to negative feedback control by free plasma cortisol or by administered dexamethasone. Plasma ACTH measurements are helpful in determining whether the primary lesion is adrenal (ACTH undetectable) or secondary to an ACTHproducing tumour (ACTH markedly raised). In contrast, Cushing's syndrome due to bilateral adrenal hyperplasia is associated with elevated basal UFCjCr ratios (> 100 p.moljmol), which partially suppress after dexamethasone administration. In those patients who present with strong clinical evidence of Cushing's syndrome, but with variable UFCjCr ratios and anomalous responses to adrenal function tests, the possibility of intermittent Cushing's syndrome should be sought.
Studies of early morning UFCjCr ratios offer a most convenient method for longitudinal study of adrenocortical function and thereby yield new information on the patient, which is unobtainable using conventional tests of the hypothalamicpituitary-adrenal axis.
